Background: HIV encephalopathy (HIVE) is associated with cognitive impairment in children with HIV infection, early diagnosis and initiation of HAART may reduce the morbidity associated with HIVE. Objective: To determine the prevalence of HIVE and associated comorbiditiesin children at the UPTH. Methodology: This was a retrospective study carried out from January to June 2017. The case notes of all HIV positive children presenting to the Paediatric Department of the University of Port Harcourt Teaching Hospital (UPTH) were studied. Children who met the diagnostic criteria for HIVE according to the Centre for Disease Control (CDC) definition were selected. The socio-demographic characteristics of the patients, mode of HIV transmission, CD4 count and associated comorbidities in these children were retrieved from the case notes. Obtained data was analyzed using Epi Info version 7.2. Comparisms of subgroups was carried out using the chi square test while statistical significance at 95% confidence interval was p value < 0.05.
Introduction

Neurological manifestations of HIV infection occur in both children and adults. HIV Encephalopathy (HIVE), the most common primary HIV-related
Central Nervous System (CNS) complication, is believed to be due to the damaging effects of the virus on the immature fetal and infant brain following early invasion of the CNS by the virus [6] .
HIVE is caused mainly by HIV-1 and reported prevalence range from 20% -60% [7] - [14] . It may be static in which case the encephalopathy is unchanging or progressive where it is associated with neuroregression. HIVE is a severe form of the disease as it constitutes an AIDS defining illness [15] but may be present before significant immunosuppression. According to the Centre for Disease Control (CDC), encephalopathy must include criteria in at least one of the following areas for at least 2 months in the absence of a concurrent illness: 1) failure to attain, plateau or loss of developmental milestones or loss of intellectual ability, 2) impaired brain growth or acquired microcephaly and/or 3) acquired symmetric motor deficit which clinically may manifest as paresis, pathological reflexes or gait disturbances [15] .
Delays in acquiring early motor and language skills have been reported as specific neurodevelopmental delays among young children with HIVE, [16] [17] [18] while in older children, decreased language ability, specific cognitive deficits like verbal and memory impairment and challenges with visual-spatial integration and executive function have been reported [19] [20] .
Recent neuroimaging studies with quantitative magnetic resonance imaging (MRI) techniques reveal better understanding of the underlying neurobiology of the primary effects of HIV on the developing brain. Findings of Ackermann et al. show white matter abnormalities that indicate that CNS infiltration occurs at an early age among young children initiated on HAART under 3 months of age [21] . These abnormalities are much more subtle than the global cerebral atrophy and or basal ganglia calcifications which are more typically described in the context of children with HIV encephalopathy (HIVE) [22] . In addition, two recent studies have reported subtle white matter microstructural abnormalities [23] and neurochemical abnormalities [24] in relatively well older children. In particular, Hoare et al. reported an association between poor performance on tests of executive function and attention with reduced white matter integrity in the corpus callosum in "slow-progressor" children who were considered too well to require ART. Methods such as those described above, which can detect more subtle changes in especially white matter integrity, may be key in the investigation of both the timing and natural history of neurological complications of HIV. However, despite this emerging literature, there remains a paucity of data from low and middle income countries (LMIC) where the utility of these investigations in a clinical context with high burden of disease, but limited resources and consequent different standards of care remains inadequately explored.
While substantial numbers of children have benefitted from antiretroviral treatment (ART), significant barriers to early ART initiation continue to exist, compared to adults infected with HIV. This places untreated children at risk, particularly of central nervous system (CNS) sequelae. HIV-1 invades the developing CNS earlier and with greater severity than observed in adults [7] - [14] .
In addition, patients on ART, especially when initiated late, may remain vulnerable to the effects of HIV on the brain because the CNS may be a reservoir for persistent viral replication [16] .
In this study, we report the prevalence of HIVE among children with HIV at the University of Port Harcourt Teaching Hospital, mode of transmission of HIV and associated comorbidities.
Methodology
This was a retrospective study carried out from January to June 2017. The Re- cit-which clinically manifest as paresis, pathological reflexes or gait disturbances [15] . The socio-demographic characteristics of the patients, mode of HIV transmission, CD4 count in the last six months, comorbidities and documented diagnostic criteria for HIVE were retrieved from the case notes. CD4 count was classified using the WHO criteria for immunosuppression while diagnosis for the comorbidities was made using standard diagnostic criteria. Obtained data was analyzed using Epi Info version 7.2 and presented as prose, tables and figures in simple proportions. Comparisms of subgroups carried out using the chi square test while statistical significance at 95% confidence interval were p value < 0.05.
Results
A total of thirty five out of the 196 HIV positive children presenting to the hospital were diagnosed to have HIV encephalopathy (HIVE) giving a prevalence rate of 17.9%. Of these 35 children, 18 were males and 17, females giving a male to female ratio of 1:1. The ages of the children ranged from 1.3 to 14 years with a mean age of 5.7 ± 3.1 years. The mean age for the males was 6.4 ± 3.2 years and 5.0 ± 2.8 years for the females. There was no statistically significant difference observed between the sexes (t = 1.35, p = 0.187). Table 1 shows the ethnicity of the study group. The Ijaw [15 (42.9%)] and Ibo [12 (34.3%] tribes were most represented. Thirty (85.7%) of the patients with HIVE were on HAART at diagnosis. The mean age at diagnosis of HIV was 3.2 ± 3.1 years and the mean age at diagnosis of HIV encephalopathy was 3.4 ± 3.2 years. The documented route of transmission for all the subjects was mother-to-child-transmission (MTCT). Seventy five percent of the children were breastfed from birth and at 6months all the mothers had discontinued breastfeeding. Figure 1 shows the various co-morbidities found in the study subjects. Tuberculosis was the most prevalent co-morbidity occurring among the patients. The mean CD4 count was 1053 ± 630 cells/ml. Only thirty one (88.6%) of the patients with HIVE had documented CD4 counts in the previous six Months, of these, only 4 (13%) had severe Immunosuppression as shown in Figure 2 . Table 2 shows the various criteria for making the diagnosis of HIV encephalopathy identified in the records of the subjects. The most prevalent was acquired microcephaly (88.6%). Table 2 shows the various criteria for making the diagnosis of HIV encephalopathy identified in the records of the subjects. The most prevalent was acquired microcephaly (88.6%). Figure 1 shows the various co-morbidities found in the study subjects. Tuberculosis was the most prevalent co-morbidity occurring among the patients. 
Discussion
This study show that HIVE is common in UPTH, but the observed prevalence of 17.9% is low compared to other studies [7] - [14] . It is possible that there areun-diagnosed cases as the diagnostic criteria in this study was mainly clinical.
Other studies with higher prevalence revealed sub-clinical cases with white matter abnormalities using neuroimaging studies [23] [24] . The fact that a great proportion (85.7%) of the patients were on HAART at diagnosis of HIVE may also contribute to the lower prevalence as prevalence of 10% -20% have been reported among children on HAART, this is especially so when HAART was commenced early. However, in this study, it is not known if these children had developed HIVE before HAART was commenced but what is obvious is that at diagnosis of HIVE they were already on HAART. This brings to fore the need for early infant diagnosis (EID), early and prompt initiation of HAART in children and infants with confirmed HIV disease since the CNS is a known sanctuary site for HIV replication. Also, early CNS invasion in HIV disease before the onset of severe immunosuppression is well documented as cases of HIVE in children initiated on HAART as early as three months have been reported [21] . The need for the availability of modern diagnostic neuroimaging technique that detects early subtle changes in the CNS and early prompt initiation of HAART need not be overemphasized.
There is an equal sex ratio in this study as reported in many other studies. Sex has not been shown to contribute to significant changes in reported prevalence of HIVE as was found in this study. However, HIVE occurred at an early age among females than males in this study possibly suggesting that females may be more prone to early CNS invasion than males. This requires further study with a The route of transmission was vertical in 100% of the patients and this is in tandem with most Paediatric HIV/AIDS infection where 95% or more are due to MTCT. The fact that in 100% of the children breastfeeding was discontinued at six months showed that transmission of HIV was early in most of them (because they all had vertical transmission), however, the mean age at diagnosis of HIV and HIVE in these children were 3.2 ± 3.1 and 3.4 ± 3.2 years respectively. This shows that there is limited acute search for children infected with HIV and its complications in this centre and reinforces the need for early infant diagnosis and modern diagnostic tool for early detection of HIVE. Early detection and commencement of HAART in young children have been found to reduce cognitive impairment associated with HIVE.
As at 2017, the National breastfeeding policy in Nigeria for children born to HIV positive mothers stipulates exclusive breastfeeding for six months and then commencement of complimentary feeding with continued breastfeeding and subsequent discontinuation of breastfeeding at one year. However, individuals who opt for exclusive breast milk substitute and can afford, sustain and make it safe for their children are counseled and supported. This policy is so because the risk of dying from prevalent infectious diseases like diarrhea and pneumonia in non-breast fed infants is higher than that of dying from HIV disease at this early age. Studies have also shown that effective prevention of MTCT can take place in children who are breastfeeding. In this study, however, all the mothers had stopped breast feeding at six months showing poor health worker education and communication skills. It also reflects the poor health seeking behavior that is rife among our population.
In children with HIV, CD4 cell countis used for immunological classification and to monitor response to treatment after commencement of HAART. It varies with age, usually higher in the younger age until about five years when it assumes the adult values. Table 3 shows the WHO classification of immunosuppression using the CD4 cell count.
In this study, 64% of the patients with HIVE had no immunosuppression. Although HIVE is an AIDS defining illness, studies have shown that many patients develop HIVE in the absence of significant immunosuppression as was found in this study [15] . This is thought to be due to the early invasion of the CNS by the virus in children and the fact the CNS act as a sanctuary site for viral replication [7] - [14] [16] [21] . However, this CD4 count may also reflect an immunological improvement following commencement of HAART in these children since all the children were already on HAART at diagnosis of HIVE. International Journal of Clinical Medicine The diagnostic criteria for HIVE in nearly 90% of the children were acquired microcephaly. This is a condition in which a child's head circumference is within the normal range at birth and for an undefined period thereafter but then does not increase as fast as normal and as a result, crosses below the second percentile [25] . Recognized causes include familial, Downs syndrome, Rett Syndrome, Angelman syndrome and acquired brain injury. Any of the diagnostic criteria for HIVE according to the CDC definition may be used for diagnosis, but in these patients, acquired microcephaly was the commonest feature identified. It is possible that this may be an early manifestation of the disease since this usually results from cerebral atrophy caused by the HIV virus.
Many of the children with HIVE had multiple comorbidities including Tuberculosis (TB), HIV Associated Nephropathy (HIVAN), severe malnutrition and severe pneumonia. Tuberculosis (TB) was the leading comorbidity found in over 90% of these children. This is in keeping with it being the commonest opportunistic infection among children with HIV. Worrisome is the fact that TB is an indicator of severe disease with its onset occurring in children with severe immunosuppression, however many of these children had no evidence of immunosuppression. This is probably due to immune recovery with commencement of HAART in these patients since the CD4 values used to assess the level of immunosuppression was that done in the last six months. Is it possible that TB also sets in HIV patients in the absence of significant immunosuppression as occurs in children with HIVE or that CD4 assay is not a sensitive tool to assess the severity of immunosuppression or a combination of these factors?
Conclusion
In conclusion, HIVE is common in children with HIV at the University of Port
Harcourt Teaching Hospital and it is associated with many comorbidities especially tuberculosis. Early infant diagnosis and modern diagnostic tool like neuroimaging studies are advocated as this will enhance its early detection, early initiation of HAART and reduction in associated morbidity and comorbidity.
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